Interpolymer complex formation of polyvinylpyrrolidone (PVP) with carboxyvinyl polymer (CP) was examined by turbidity measurement, a binding isotherm study and Fourier-transform infrared spectroscopy. The interpolymer complex of PVP with CP was found to be formed in the unit molecular ratio of 1: 1 under ideal conditions, though the ratio of PVP in the solid complex was lower than 1: 1 under practical conditions. Hydrogen bonding might be the driving force for the complexation, and the degree of hydrogen bonding was calculated to be about 40 to 50%.
Faculty of Pharmaceutical Sciences, Hoshi University, Ebara-2-4-41, Shinagawa-ku, Tokyo 142, Japan (Received May 23, 1987) Interpolymer complex formation of polyvinylpyrrolidone (PVP) with carboxyvinyl polymer (CP) was examined by turbidity measurement, a binding isotherm study and Fourier-transform infrared spectroscopy. The interpolymer complex of PVP with CP was found to be formed in the unit molecular ratio of 1: 1 under ideal conditions, though the ratio of PVP in the solid complex was lower than 1: 1 under practical conditions. Hydrogen bonding might be the driving force for the complexation, and the degree of hydrogen bonding was calculated to be about 40 to 50%.
The slowest dissolution rate of chlorpheniramine maleate from tablets, which consisted of a blend of PVP and CP was observed when the polymer combination ratio was 1: 1. In the case of indomethacin, the longest lag time for the dissolution was observed at the polymer ratio of 1: 1. Therefore, the drug dissolution behavior from PVP/CP tablets is dependent on the complex formation of PVP and CP. An interpolymer complex of polyvinylpyrrolidone (PVP) with carboxyvinyl polymer (CP), crosslinked polyacrylic acid, was recently reported to be applicable as a device for obtaining sustained release of drugs in the pharmaceutical field.2,3) However, there is still little information on the mechanism of this polymer-polymer interaction, though much is known about the PVP/polyacrylic acid complex. [4] [5] [6] Hydrogen bonding between carbonyl groups of PVP and carboxyl groups of polyacrylic acid has been reported to be the main driving force for the complexation of PVP and polyacrylic acid. Since CP is a similar compound to polyacrylic acid, hydrogen bonding may be an important factor in the complexation of PVP and CP.
The purpose of the present study was to investigatethe quantitative relationship between the mechanism of PVP/CP complex formation and the drug dissolution behavior from the polymer matrix, which consists of PVP and CP. Chlorpheniramine maleate (CPM) and indomethacin (IMC) were selected as model acid-soluble and alkali-soluble drugs, respectively.
Experimental Materials
The polymers used are listed in Table  I (FT-IR) study, CP-I and CP-II were used after being washed with chloroform and dried in vacuo at room temperature for 3 d. For the other studies, CP-I and CP-II were used without further treatment. CPM and IMC were purchased from Tokyo Kasei Industrial Co., Ltd., and Sigma Chemical Co., Ltd., respectively. Other chemicals were of reagent grade. PVP to CP was determined by subtracting the equilibrium concentration of PVP from the initial concentration, since the solubility of PVP/CP complex is negligibly small. Good linearity of the Langmuir plot was observed in the case of PVP K-30, which bound to CP-I and CP-II, as shown in Fig. 2 . In the case of PVP K-90, good linearity was also found. Figure  3 shows the effect of mean molecular weights of PVP and CP on the binding parameters, calculated from the values of intercept and slope in Fig. 2 . The apparent binding constant, b, gradually increased with increasing molecular weight of both polymers. Therefore, the molecular size of the polymers is one of the significant factors in complex formation. On the other hand, the maximum binding amount, a, was almost independent of the molecular weight of the polymers. Interestingly, the a value was found to be about one in all sysfems. Therefore, the interpolymer complex could be formed with the unit molecular ratio of 1: 1 under ideal conditions. However, the ratio of PVP in the solid complex actually obtained was a little lower than 1: 1. This phenomenon might be due to the crosslinking of CP. Namely, the number of effective carboxyl groups, which can bind with PVP, seems to be limited because of the rigid structure of the CP molecule. Figure 4 shows the effects of pH and ionic strength on the binding amount of PVP K-30 to CP-II. The complexation of PVP to CP was found to be a discontinuous function of pH A similar tendency was observed in the turbidity measurement as described above. On the other hand, no effect of the sodium ion concentration was observed, as shown in Fig. 4 . Therefore, the dissociation of carboxyl groups of CP might be an important for the balance of complexation and decomplexation. Next, the FT-IR spectrum of PVP/CP complex was determined. Figure 5 shows FT-IR spectra of PVP K-30/CP-II complex (unit molecular weight ratio 1: 1) in the region of carbonyl absorption. Absorptions of carboxyl groups of CP and carbonyl groups of PVP each seem to be composed of two different kinds of peaks, which were separated by means of a computer simulation technique described by Kato et al.8) Assignment of each IR peak was done as reported by Sasaki and Yokoyama.5 From the left in Fig. 5 , the first peak at 1740 cm-1 was assigned to the CP carboxyl groups bound with PVP by hydrogen bonding. The second one at 1720 cm -1 was assigned to the dimer carboxyl structure of CP. The third at 1670 cm-1 was assigned to the PVP carbonyl groups. The last peak at 1630 cm' was assigned to the PVP which was bound with CP by hydrogen bonding. The following equations were applied to determine the hydrogen bonding of PVP/CP complex: where HB means the degree of hydrogen bonding (%), and A is the area of each simulated peak. The results are summarized in Table II . Degrees of hydrogen bonding were found to be about 40 to 50% and the value slightly increased with increasing molecular length of both polymers. In the case of the interpolymer complex between PVP and polyacrylic acid, more than 70% hydrogen bonding has been reported by Sasaki and Yokoyama. 5 The discrepancy in degrees of hydrogen bonding might be due to the crosslinking of CP. Namely, the activity of carboxyl groups of CP seems to be weaker than that in the case of polyacrylic acid, because of the rigid structure of the CP molecule.
Drug Release from PVP/CP Polymer Matrix CPM was used as a model acid-soluble drug and IMC as a model alkali-soluble drug. Figure 6 shows the dissolution behavior of CPM fromthe tablet, which consists of a simple blend of PVP K-30 and CP-II in the dissolution medium of pH 1.2. The dissolution rate of CPM decreased gradually with increase of the amountof CP in the matrix up to the polymer ratio of 1: 1. The slowest dissolution rate of CPM was observed when the polymer ratio was 1 : 1. After that, the dissolution rate of CPM increased with increase of CP. Therefore, the diffusion of CPM was considered to be controlled by the three-dimensional network structure, which was produced by the complex formation following water penetration into the matrix. The amount and density of the network structure in the matrix were considered to be a function of the polymer ratio.
The dissolution behavior of IMC was observed similarly in the dissolution medium of pH 6.8. A delay of dissolution was found in all samples and the longest lag time was observed at the weight ratio 1: 1, as shown in Fig. 7 . A similar tendency was observed in the case of solid dispersion form of IMC, as shown in Fig. 8 . The solid dispersion form of IMC in PVP was prepared as described previously9) and compressed to make tablets after mixing with CP. The dissolution rate of IMC in the steady state was found to be a linear function of time. It was not affected by the polymer ratio when the content of PVP was larger than 50%. The reason for the lag time, which was observed in Figs. 7 and 8, may be that the three-dimensional network structure was produced by complex formation following the penetration of the dissolution medium (pH 6.8) into the tablet. Though the pH value of the dissolution medium was higher than the critical pH for complexation, the pH value inside the polymer matrix could be low enough for the complexation owing to the acidity of CP. Figure 9 shows the effect of stirring the polymer matrix in the acidic medium of pH 1.2 on the subsequent dissolution of IMC at pH 6.8. No difference on the dissolution profiles of IMC was observed.
Therefore, the three-dimensional network structure could be formed owing to the acidity of Figure 10 shows the effect of sodium bicarbonate in the tablet on the dissolution of IMC. The dissolution of IMC was accelerated in direct relation to the amount of sodium bicarbonate in the polymer matrix. This is due to the acceleration of decomplexation in the polymer matrix. On the other hand, the dissolution of IMC was significantly delayed with the increase of citric acid loaded in the tablet, as shown in Fig. 11 . The acceleration of complexation in the polymer matrix could account for this phenomenon. Therefore, the threedimensional network structure, which was formed by the interpolymer complexation, could be controllable by loading acids or alkalis into the polymer matrix.
In conclusion, the complex formation of PVP and CP markedly affects the drug dissolution behavior. Specific properties of PVP/CP complex should be applicable to designing more precisely controlled drug release systems.
